The existence of doubly heavy flavor baryons has not been well established experimentally so far. In 
I. INTRODUCTION
Plenty of hadrons including quite a few exotic candidates have been discovered in experiments during the past few decades. Doubly and triply heavy flavor baryons, however, with two or three heavy (b or c) quarks, are so far still absent in hadron spectroscopy [1] [2] [3] [4] . Searches for the doubly and triply heavy baryons will play a key role in completing hadron spectroscopy and shedding light on perturbative and non-perturbative QCD dynamics.
The only evidence was reported by the SELEX experiment for Ξ + cc via the process Ξ + cc → Λ + c K − π + in 2002 [5], followed by Ξ + cc → pD + K − [6]. However, this has not been confirmed by any other experiments so far. The FOCUS experiment reported no signal right after SELEX's measurements [7] . The BaBar [8] and Belle [9, 10] experiments searched for Ξ +(+) cc with the final states of Ξ 0 c π + (π + ) and Λ + c K − π + (π + ), and did not find any evidence. The LHCb experiment performed a search using the 0.65 fb −1 data sample in the discovery channel used by SELEX, Ξ + cc → Λ + c K − π + , but no significant signal was observed [11] . Besides, the mass measured by SELEX, m Ξ + cc = 3518.9 ± 0.9 MeV, is much lower than most theoretical predictions, for instance m Ξcc = 3.55-3.67 GeV predicted by lattice QCD [12] [13] [14] [15] [16] [17] . These puzzles can only be solved by experimental measurements with high luminosities.
At the Large Hadron Collider (LHC), plenty of heavy quarks have been generated, and thereby abundant doubly heavy hadrons has been produced due to quark-hadron duality, such as B ± c , which has been studied in great detail by LHCb. The cross sections of the hadronic production of Ξ cc at the LHC have been calculated in QCD [18] , and are of the same order as those of B c [19] . As LHCb has a data sample larger than 3 fb −1 and is collecting even more data during Run 2, there is now a good opportunity to study Ξ cc . One key issue left is to select the decay processes with the largest possibility of observing doubly charmed baryons.
In this work, we will systematically study the processes of Ξ ++ cc and Ξ + cc decays to find those with the largest branching fractions which should be helpful for experimental searches for the doubly charmed baryons. The lowest-lying heavy particles can only decay weakly. We will analyze the color-allowed tree-operator dominated decay modes using the factorization ansatz. For other decay channels which are suppressed in the factorization scheme, the non-factorizable contributions might be significant and behave as long distance contributions. With a direct calculation in the rescattering mechanism, we will demonstrate that long-distance contributions are significantly enhanced for some decay modes with high experimental efficiencies. At the end, we will point out that instead of searching for the Ξ cc using the SELEX discovery channels Ξ + cc → Λ + c K − π + and =1550 fs in Ref. [24] which is too large compared to the lifetimes of singly charmed baryons. Despite the large ambiguity in the absolute lifetimes, it is expected that τ (Ξ ++ cc ) τ (Ξ + cc ) for their relative lifetimes, due to the effect of the destructive Pauli interference in the former. The ratio between their lifetimes is then
with small uncertainty in all these calculations [20] [21] [22] [23] . The branching fractions of Ξ ++ cc decays should be relatively larger due to its longer lifetime, compared to those of Ξ + cc . Besides, particles with longer lifetimes can be better identified with high efficiency at the detectors. Thus, we recommend experimentalists to search for Ξ ++ cc before Ξ + cc .
II. FORM FACTORS
In the study of the exclusive modes of heavy hadron decays, the transition form factors are required in the calculations. The hadronic matrix elements of Ξ cc decaying into the anti-triplet and sextet singly charmed baryons, i.e. B c = Ξ c , Ξ c , Λ c and Σ c , are expressed in terms of the form factors as
where the initial and final baryons are all 1 2 + states, J w µ is the weak current in the relevant decays and q = p i − p f . In this work, the form factors are calculated in the light-front quark model (LFQM). The LFQM is a relativistic quark model under the light front approach, and has been successfully used to study the form factors of heavy meson and heavy baryon decays [25] [26] [27] . We adopt the diquark picture for the two spectator quarks [25, 26] . The diquark state with a charm quark and a light quark can be either a scalar (J P = 0 + ), or an axial-vector state (1 + ). Considering the wave functions of the relevant baryons, the hadronic matrix elements of Ξ cc decaying into the anti-triplet and sextet singly charmed baryons are linear combinations of the transitions with the scalar and the axial-vector diquarks,
In the case with two identical quarks in the final state, for instance Σ 0 c , an overall factor of √ 2 has to be considered. The details of the calculations of the form factors in the LFQM can be seen in
Ref. [29] . The results are given in Table I , with the q 2 dependence of
where α = +1 for g 2 (q 2 ) with 1 + diquarks as shown with stars in Table I , and α = −1 for all the other form factors. Under the flavor SU (3) symmetry, the form factors are related to each other between Ξ ++ cc and Ξ + cc decays, and between c → s and c → d transitions as seen in Table I . The uncertainties of the form factors can then be mostly cancelled in the relative branching fractions between decay channels.
III. SHORT-DISTANCE CONTRIBUTION DOMINATED PROCESSES
With the form factors obtained above, we proceed to study the non-leptonic decays of Ξ cc .
The short-distance contributions in the external and internal W -emission amplitudes of two-body non-leptonic modes are calculated in the factorization approach manifested in the heavy quark limit. The amplitudes of Ξ cc decaying into a singly charmed baryon and a light meson (M ) can be expressed by the product of hadronic matrix elements
where
V CKM a 1,2 (µ), V CKM denotes the product of the corresponding Cabibbo-KoboyashiMaskawa matrix elements, and a 1 (µ) = C 1 (µ) + C 2 (µ)/3 for the external W -emission amplitudes and a 2 (µ) = C 2 (µ) + C 1 (µ)/3 for the internal W -emission ones, with C 1 (µ) = 1.21 and C 2 (µ) = −0.42 at the scale of µ = m c [32] . In this work M denotes a pseudoscalar meson (P ) or a vector meson (V ), with the hadronic matrix elements of decay constants as
In this work, we show the results of a few gold channels with the highest probability of being observed in experiments. More discussions on various processes can be found in Refs. [28] [29] [30] [31] .
According to Eq. (5), the relative branching fractions of the other processes compared to that of
The above relations are basically unambiguous, since the uncertainties from the transition form factors are mostly cancelled under the flavor SU (3) symmetry. It is obvious that the branching fraction of Ξ ++ cc → Ξ + c π + is the largest, compared to that of Ξ ++ cc → Λ + c π + which is a Cabibbosuppressed mode, and that of Ξ + cc → Ξ 0 c π + due to the expected smaller lifetime of Ξ + cc . The semileptonic mode of Ξ ++ cc → Ξ + c + ν suffers a low efficiency of detection for the missing energies of neutrinos. Similarly, some other processes with possible larger branching fractions may lose lots of events at hadron colliders, due to neutral particles such as in
has two more tracks, reducing the efficiency of detection. Besides, the longer lifetimes of Ξ ++ cc and Ξ + c compared to those of Ξ + cc and Ξ 0 c , respectively, benefit higher efficiencies of the identification of the particles in experiments. Thus the Ξ ++ cc → Ξ + c π + process is the best of the external W -emission processes to search for the doubly charmed baryons.
The absolute branching fraction of Ξ ++ cc → Ξ + c π + is calculated to be
This result is given by comparing the lifetime of Ξ ++ cc with 300 fs, which is in the range of the predictions. Even if considering the uncertainties of the transition form factors and the lifetime, the branching fraction of this process is of the order of percent, which is large enough for measurements.
To measure Ξ ++ cc → Ξ + c π + , Ξ + c can be reconstructed using the mode Ξ + c → pK − π + at hadron colliders with all the charged particles in the final state. The absolute branching fraction of this process has never been directly measured, but the relative branching ratio was measured as
With the measurement of B(Λ + c → Σ + K * 0 ) = (0.36 ± 0.10)% [34] , the branching fraction is
The relatively larger branching fraction of this Cabibbo-suppressed mode is induced by the larger phase space of Ξ + c → pK * 0 and the longer lifetime of Ξ + c . The main uncertainty in Eq. (9) arises from the branching fraction of Λ + c → Σ + K * 0 and the ratio between Ξ + c → pK * 0 and Ξ + c → pK − π + , which may be measured by BESIII, Belle II and LHCb with higher precision. Considering the relatively large value of B(Ξ + c → pK − π + ) within the 1σ range, we suggest to measure the process of Ξ ++ cc → Ξ + c π + with Ξ + c reconstructed by the final state pK − π + .
IV. LONG-DISTANCE CONTRIBUTION DOMINATED PROCESSES
In the factorization approach, only the factorizable contributions are taken into account. For the color-allowed tree-operator dominated channels, the non-factorizable contributions are expected to be small. For the color-suppressed processes with a tiny Wilson coefficient a 2 , the decay widths are likely to be underestimated in the factorization framework. For instance, the branching fractions of the internal W -emission decays of Ξ ++ cc → Σ ++ c (2455)K * 0 and Ξ + cc → Λ + c K * 0 are predicted to be of the order of 10 −5 , due to a 2 (µ) ≈ −0.02.
However, the long-distance contributions are usually significantly enhanced in charmed meson decays, which can be described well by the rescattering mechanism of the final-state-interaction effects [35] [36] [37] [38] . The rescattering mechanism in the heavy-flavor-baryon decays was only considered in Ref. [39] to study the Cabibbo-suppressed decays of Λ + c → pπ 0 and nπ + , whose results have not been directly manifested so far, but are consistent with the upper limit recently measured by BESIII [40] . In doubly heavy flavor baryon decays, the long-distance contributions have never been considered. In this work we first calculate the rescattering effects in two-body non-leptonic Ξ cc decays for the internal W -emission and W -exchange amplitudes, and then find some other processes with large branching fractions.
The absorptive part of the amplitudes is obtained by the optical theorem [41] , summing over all possible amplitudes of Ξ cc (p i ) decaying into the states {p k }, followed by the rescattering of
One typical rescattering diagram is given in Fig. 1 are given in the Appendix. Most of the uncertainties will then be cancelled in the relative branching ratios. The results of the rescattering amplitudes depend on the form factor F (t, m) which describes the off-shell effect of the exchanged particle. It is parametrized as
[41], with the cutoff Λ = m + ηΛ QCD , m and t being the mass and the momentum squared of the exchanged particle, respectively, and Λ QCD taken as 330 MeV. The free parameter η cannot be calculated from first principles. In this work, we take η varying in the range from 1.0 to 2.0, as found in Ref. [41] . The dependence of F (t, m) on η is plotted in Fig.2 .
The relative branching fractions of some processes dominated by the long-distance contributions compared to that of Ξ ++ cc → Σ ++ c (2455)K * 0 are shown in Table II . The results of the relative branching fractions are less ambiguous in theory, since the uncertainties from the effective hadronic 53] . With this value, the branching fraction of this process is then 4.6%, which is in the range of Eq. (11) . So the results considering the rescattering mechanism for long-distance contributions are trustworthy. Recalling that B(Ξ ++ cc → Σ ++ c (2455)K * 0 ) is as large as shown in Eq. (11), the branching fraction of Ξ ++ cc → Λ + c K − π + π + will be expected to be a few percent, or even reach O(10%). With Λ + c reconstructed by pK − π + , the process Ξ ++ cc → Λ + c K − π + π + can be used to search for the doubly charmed baryon.
Apart from the above four-body decay mode, the branching fraction of Ξ + cc → Λ + c K − π + should be considerable, contributed by Λ + c K * 0 and Σ ++ c (2455)K − . This process is just the one used by the SELEX experiment to report the first would-be evidence of Ξ + cc [5] . However, no significant signal was observed by the LHCb experiment using this channel [11] . We find the process Ξ ++ cc → Λ + c K − π + π + is better than Ξ + cc → Λ + c K − π + for the searches for doubly charmed baryons, for the following reasons. For the dominant resonant contributions in these two processes, the branching fraction of Ξ ++ cc → Σ ++ c (2455)K * 0 is larger than that of Ξ + cc → Λ + c K * 0 by a factor of about five, due to the predicted value of R τ ∼ 0.3 with a small uncertainty, seen in Eq. (1). As explained before, the efficiency of identifying Ξ ++ cc is larger than that of Ξ + cc at LHCb by a factor around the lifetime ratio, in the range of their predicted lifetimes. Even though Ξ ++ cc → Λ + c K − π + π + suffers a lower efficiency in detection by a few factors, due to one more track than Ξ + cc → Λ + c K − π + , it can still be expected that there would be more signal yields in the former process. For the other discovery channel by the SELEX experiment, Ξ + cc → pD + K − , there are no low-lying-resonance contributions. In the mode Ξ + cc → ΛD + , whose branching ratio is small, the Λ state is below the pK − threshold, while the higher excited resonances would be more difficult to produce. Therefore, the process Ξ ++ cc → Λ + c K − π + π + is the best of the long-distance contribution dominated processes for the searches for doubly charmed baryons.
In addition to the study of the ground states of doubly charmed baryons, the suggested processes should be useful to search for excited states below the charm-meson-charm-baryon thresholds.
Such particles strongly or radiatively decay into the ground states, which would be reconstructed in experiments by the most favorable modes found in this work. Besides, the long-distance contributions, for which we found large and important Ξ cc decays, should also be considered in the studies on the search for the discovery channels of other heavy particles, such as bottom-charm baryons and stable open flavor tetraquarks and pentaquarks.
V. SUMMARY
We have systematically studied the weak decays of Ξ ++ cc and Ξ + cc and recommend the processes Ξ ++ cc → Λ + c K − π + π + and Ξ + cc π + as the most favorable decay modes for searches for doubly charmed baryons in experiments. The channels Ξ + cc → Λ + c K − π + and pD + K − used by the SELEX and LHCb experiments are not as good as the above two Ξ ++ cc decay processes. The short-distance contributions of the decay amplitudes are calculated under the factorization approach. The long-distance contributions are first studied in the double-charm-baryon decays, considering the rescattering mechanism. It is found that the long-distance contributions are significantly enhanced and are essential for the favorable mode Ξ ++ cc → Λ + c K − π + π + . Our suggestions are based on the analysis of the relative branching fractions between decay modes, which is less ambiguous since the theoretical uncertainties are mainly cancelled by the flavor symmetries. The absolute branching fractions of Ξ ++ cc → Λ + c K − π + π + and Ξ + c π + are estimated to be a few percent, or even reach the order of 10%, which are large enough for experimental measurements.
1 Note added: very recently, the LHCb collaboration reported the discovery of Ξ ++ cc with the final state Λ
where the corresponding Π, V , B and B 6 , B3 respectively represent the matrices
According to the generalized form of baryons coupled with mesons in Eq. (12), we extend to the vertex B c BD and B c BD * , and write the Lagrangian as
where N denotes baryons belong to the octet baryon matrix B.
The strong coupling constants are taken from the literature [41, [46] [47] [48] [49] [50] [51] [52] , and listed in Tables.   III, IV and V. TABLE III: The strong coupling constants for V P P , V V V , B c B c P , BBP and B c BD. 
